Introduction
There has been a substantial evolution in the use of engineered wetland systems as 54 means of decentralized wastewater treatment. Engineered wetland systems have now 55 become an effective means of advanced wastewater treatment with several integration of 56 hydraulic and/or aeration machinery to increase their performance capabilities. However, 57 one issue that is still generating much research attention is efficient phosphorus (P) 58 removal. 59 The role of P as a major limiting nutrient in eutrophication of surface waters, and the 60 need for its efficient removal from wastewaters before discharge into water courses is well 61 understood. P removal in wetland systems can occur through a combination of several 62 processes, but adsorption and precipitation within the substrate are widely acknowledged 63 and known to play the greatest role. Therefore, to ensure efficient P removal, it is important 64 to use substrates with high P removal capacity and suitable physicochemical properties. A 65 review of several low-cost adsorbent materials tested for their potential for enhancing P 66 removal has been published (Westholm, 2006) . The use of such materials as substrates in 67 wetland and filter systems to enhance P removal is now an emerging and promising trend. 
Materials and methods

85
Al-WTR
86
Al-WTR was obtained from the largest water treatment plant in Ireland, located in Co. where V is the volume adsorbed at the relative pressure, V o is the micropore volume, A is 110 the affinity or differential free energy of adsorption The Al-WTR had a bulk density of 1.18 ± 0.11 g cm -3 and a porosity of 45%, both of The P uptake kinetic profile at an initial P concentration of 5 mg-P L -1 is shown in Fig.   329 3 with results indicating the process to be initially rapid. thus influencing the degree of affinity. The value of n, which was greater than 1 in all cases, 387 also indicates that the adsorption of P onto the Al-WTR can be described as favourable. largely be removed in the system by adsorption on the Al-WTR as opposed to RP which is 417 composed of particulate phosphates (which will largely be removed by filtration) and SRP.
418
By juxtaposing this result with the columns configuration layout in Table 1 , it can be 419 inferred that P removal efficiency decreased in the columns with an increase in the 420 proportion of gravel used and this highlights the influence of the Al-WTR in P removal in 421 the columns. 14), nd no data, ** total carbon. Determination were carried out on air-dried aluminum-based water treatment residual with particle sizes <2mm. 
